ABSTRACT
INTRODUCTION
Chromium is an element of significant environmental interest. It is a common contaminant from e.g. the use of chromite-ore processing residue (COPR) as a filling material 1 Cr(III) g -1 dry soil) and in a third set of samples a mixture of 100 µmol L -1 Cr(III) and 1000
99
µmol L -1 aluminum(III) was added. The actual final concentrations were somewhat (2 %) 100 lower due to dilution from interstitial water in the field-moist soil sample. All samples were 101 made in duplicate.
102
The samples were equilibrated on an end-over-end shaker (Heidolph Reax II) in darkness at
103
10°C for different periods of time to investigate the effect of reaction time on the results. involving chromium(III) need to be defined using this component.
188
To describe the binding of chromium(III) to fulvic and humic acids in the soil suspensions,
189
the SHM was used, 6 as modified for solid-phase organic matter in soil suspensions. 25 The
190
SHM is a discrete-site electrostatic model, in many ways similar to WHAM-Model VII concentrations was seen after long equilibration times; this is most likely due to the 228 dissolution of organic C, which increased over the studied time period ( Figure S1 ). Thus 
231
Cr(III) system deviated from this pattern, for unknown reasons. and 
269
Because simulations with Visual MINTEQ showed both the SRFA and soil systems to be at 270 least three magnitudes undersaturated with respect to Cr(OH) 3 Table   274 1, these species also contain Cr … Cr interactions with half-path lengths of 2.98 Å and the latter indicate the predominance of dimers in these samples; however, the contribution of the long
279
Cr … Cr path to the overall EXAFS signal is small, and therefore it is possible that the data 280 quality did not permit the identification of such a Cr … Cr interaction.
281
It is not possible to determine the mean number of organic ligands binding to chromium(III).
282
We have set this number to two based on results obtained for iron(III)-organic matter 283 complexes, 30 as a refinement will anyhow give a very uncertain value. Furthermore, the mean the measured ones; the final fit (with an RMSE value of 0.13) is seen in Figure S3 .
305
Dissolved chromium as a function of pH is shown in Figure 4 . Figure 4 ).
316
The batch experiment data could be reasonably well explained with a model in which the 317 monomeric complex predominated at low pH, particularly at low equilibrium concentrations 318 of chromium(III) (Figure 5 ), whereas the dimeric complex (RO) 3 Cr 2 (OH) 2 + dominated at 319 higher pH. Organically bound chromium(III) predominated also in the dissolved phase, except 320 at the lowest pH ( Figure S4 ). Moreover the optimum value of the heterogeneity parameter 321 ∆LK 2 was found to be 1.0, which is close to the one found for Al(III) (1.06). 32 The optimized The value of the SHM equilibrium constant for the monomeric complex (RO) 2 Model, initial concentrations in the soil suspensions (Table S1 ), inorganic equilibrium 368 reactions for chromium(III) in Visual MINTEQ (Table S2) , cation complexation reactions to 369 soil organic matter in the Stockholm Humic Model (Table S3) Cr-O-C modeled EXAFS spectra (right column) with the fitting parameters given in Table 1 . complexes have been reported occasionally. [23] [24] The probable reason is that iron(III) is more easily hydrolyzed than chromium(III), pK a values of 2.5 and 3.5, respectively, and that trimeric complexes with a single oxo group require higher pH to form than the hydroxo complexes.
The slow water exchange of chromium(III)
The 
The equilibrium constant K M,m is defined according to:
where g f is the so-called gel-fraction parameter, whereas F is the Faraday constant, R is the gas constant, T is the absolute temperature, and Ψ o and Ψ d are electrostatic potentials in the oand d-planes, respectively. 27 The relative contributions of o-and d-plane charge for the complexes considered are shown in Table S2 . To account for heterogeneity of site affinity for metal complexation the parameter ∆LK 2 is introduced:
This allows each site to be subdivided into three subsites with differing affinity for metalhumic complexation; x is set to 0 for 90.1 % of the sites, to 1 for 9 % and to 2 for 0.9 %.
Monodentate complexes can be formed with proton sites 1, 2, 3, 4, i.e. with the carboxylic acid sites. 23 When the metal binds to two surface sites, a bidentate complex is formed. For aluminium(III), the reaction is described as follows:
The extra term S bid is used to correct the constant for the bidentate coordination. 28 This correction is done automatically in the Visual MINTEQ software. Bidentate complexes may involve both carboxylate and phenolate sites; the combinations of proton-binding sites used in S3 the SHM were detailed in Gustafsson et al. 23 A bidentate complex similar to that for aluminium(III) was considered also for chromium(III), see Table S2 .
Tridentate complexes are defined in a similar fashion. 
where S trid comprise terms needed to correct the constant for tridentate coordination; 28 again this correction is carried out automatically in Visual MINTEQ. Also, the combinations of proton-binding sites used in the SHM for tridentate complexes were detailed in Gustafsson et al. 23 Note that the assignment of bidentate and tridentate complexes in the SHM does not necessarily mean that the structure of the complexes are in reality bidentate or tridentate. This is because the modeling results are sensitive to the proton exchange stoichiometry but are usually not much dependent on the actual number of ROH groups in equations 4 and 7. ) for pretreated and normalized raw EXAFS spectra (left column) and modeled EXAFS spectra (right column) with the fitting parameters given in Table 1 . The y axis is uncorrected for phase shift (~0.43 Å). Cr3+-Gel
